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Biogeocycles are influenced not only by the saturation level but also by its temporal dynamics. 23 Thus, carbon mineralization rate was shown to be stimulated in the zones of cyclic variation of 24 groundwater table (Banks et al., 1999, Blodau and Moore, 2003) . Enhanced substrate release 25 5 due to redox-induced chemical breakdown and enhanced recycling of biomass after the redox 1 disturbance explain the stimulation of biogeochemical processes in these zones (Aller, 1994) . 2 Studies describing As behavior during redox oscillation (Parsons et al., 2013, Couture et al., 3 2015) have shown that the successive cycles of oxidizing and reducing conditions affect As 4 mobility in relation with As speciation and sorption onto hydrous ferric oxide (HFO). The 5 mobility of metals such as Cu and Zn is also related to iron dissolution related to oscillation of 6 redox conditions (Schulz-Zunkel et al., 2015) . 7 Here, the influence of organic matter supply and water saturation status on the dynamics of As 8 and metals was studied in a soil highly polluted by the destruction of chemical weapons. During concentrations of Zn, Cu and Pb reaching 90 g.kg -1 , 9 g.kg -1 and 6 g.kg -1 , respectively. Their 17 results demonstrated that the main As-carriers were amorphous materials composed of a blend 18 of metals and arsenate minerals of Zn, Cu and Fe together with the crystalline phases adamite, 19 olivenite, and two pharmacosiderites. On site, the most mobile contaminants were found to be 20 Znwhose behavior was mainly determined by pHand As, whose behavior was correlated 21 with the availability of iron sinks. The site is located in an oak forest and is therefore subject to 22 natural deposition of litter that provides bioavailable organic matter (OM). In addition, the 23 clayey formation beneath the contaminated soil severely limits the infiltration of rainwater and 24 favors runoff of soluble inorganic pollutants from the site. Saturation of the lower part of the 25 6 contaminated layer was also observed during periods of high precipitation. The stability of the 1 pollutants can therefore be altered by the evolution of environmental conditions. 2 The contaminated soil is rich in organic carbon (about 250 g.kg -1 ), consisting mainly of charcoal 3 resulting from the use of firewood during destruction of the shells. However, the presence of This study aimed to evaluate the effect of (i) water saturation episodes and (ii) input of 12 bioavailable OM on the behavior of pollutants that have been submitted to these environmental 13 changes for 80 years. To this end, an 8-month experiment was conducted with a 1 m 3 14 mesocosm. The originality of this work, compared with previous studies, lies in the combination 15 of its size and duration, combined with the specificity of the polluted material. A mesocosm is 16 an intermediate scale between full field scale and the laboratory microcosm. It is suitable for 17 simulating environmental events in controlled conditions and for monitoring of contaminants 18 in soil pore water. The composition of soil waters at different depths and in leachates provides 19 information on the processes that can influence the biogeocycles of carbon and nitrogen and 20 the fate of contaminants and the potential for transfer towards surrounding compartments. The study site, known as "Place-à-Gaz", is located in the Spincourt forest, 20 km northeast of An instrumented mesocosm was filled with about 1 m 3 of material taken from the black layer 8 (between 0 and 30 cm) with an excavator in October 2015. The material was excavated from 9 the most contaminated part of the site. The concentrations of the main pollutants, analyzed by 10 NITON© X-ray fluorescence field apparatus, were 132.44 ± 3.66 g.kg -1 , 87.31 ± 5.08 g.kg -1 , 11 18.36 ± 0.63 g.kg -1 , 4.78 ± 0.19 g.kg -1 for As, Zn, Cu and Pb respectively. Oak organic litter 12 was taken from the edge of the forest, close to the study site. The surface litter corresponding 13 to the previous year's deposit was not sampled, only the thinner older organic litter was taken. Schematic of the mesocosm experiment. a: stainless steel column, b: controlled atmosphere, c: organic litter, d: contaminated soil, e: geotextile membrane, f: inert gravel, g: feedwater, h: LED lighting, i: watering system, j: porewater samplers, k: soil moisture and temperature probes, l: water table in wet condition, m: water table in dry condition, n: water level control, o: balance, p: Fluorinated ethylene propylene water tubing, q: gas tubing. B. Experiment design. P1, P3, P5, P7 were dry periods, P2, P4, P6, P8 wet. From the beginning of P5 forest litter was added at the top of the contaminated soil. H4 was permanently saturated; (blue) H2 and H1 were never saturated. The H3 level was not saturated in the dry period and saturated in the wet period. The leachate (L) was sampled at the outlet of the mesocosm. temperature, and with inert Polytetrafluoroethylene/Quartz porous probes (pore size 2 µm, three 1 probes for each sampling depth) to sample soil water. These probes were inserted into the soil 2 at 30 cm from the column wall. Five Horticultural light-emitting diode (LED) at the top of the 3 column simulated 12-hour day/night cycles. Rainfall was simulated by a sprinkler system 4 connected to a water reservoir and fed by two pumps. The leachate was collected in a steel tank 5 and quantified using a weighing balance. Outflow weight and soil moisture and temperature at 6 the four sampling levels (H1, H2, H3 and H4) were monitored continuously, with a frequency 7 of one hour. The study of vertical flows, in this instrumented mesocosm, will allow understanding the 10 phenomena related to the water flows, constrained on the site by the clayey substrate. We 11 consider that the flows studied in the unsaturated levels of the mesocosm are representative of 12 the vertical flows taking place in the unsaturated zone of the polluted soil on site, and that flows 13 in the saturated part of the mesocosm corresponds to runoff taking place at the base of the 14 polluted layer on site. Water soil saturation effects were studied by simulation over around 15 8 months of cycles of dry/wet periods (P) of about one month each, referred to below as P1 to 16 P8 (Fig.1B ). The dry period was characterized by a saturation of the bottom of the mesocosm 17 limited to the H4 level, and by the addition of around 12 L of Mont Roucous water once a week.
18
This mineral water was used because of its chemical composition close to that of rainwater (pH 19 = 6.38, electrical conductivity = 160 µS.cm -1 , Cl -= 56 µM, NO3 -= 24 µM, SO4 2-= 16 µM, Na + 20 = 109 µM, K + = 7.7 µM, Ca 2+ = 25 µM, Mg 2+ = 21 µM). The wet period was characterized by 21 elevation of the water table in order to saturate both H3 and H4 levels, and by the addition of 22 6 L of water every two days. After two dry-period/wet-period cycles (day 126), 24 kg of fresh 23 organic forest litter taken from the "Place-à-Gaz" site was added above the topsoil in order to 24 study the impact of a supply of fresh OM. The mesocosm atmosphere was controlled and 25 10 renewed by wet compressed air (N2 = 82.45 ± 0.15 %, O2 = 22.68 ± 6.7 10 -2 % and CO2 = 1 0.053 ± 6.7 10 -4 %) at a flow rate of 60 L.h -1 for the duration of the experiment. Major ions (Li + , Na + , NH4 + , K + , Ca 2+ , Mg 2+ , F -, Cl -, NO2 -, Br -, NO3 -, SO4 2-, PO4 3-) were In addition, trace element concentrations (As, metals) and dissolved organic carbon (DOC) 20 were determined once a week. The soil water samples were filtered at 0.45 µm and As 21 speciation was performed immediately with an ion exchange method (Kim, 2001). Separation 22 was performed on anionic resin (AG 1-X8©, Biorad, Hercules, CA, USA). In these conditions 23 (pH < 9.3), this method separates non charged species, such as As III, from anionic species 24 including As V. Data obtained with this method were presented as As III-like and As V-like 1 species. A water sample was acidified for determination of total As, Fe, Cu, Zn and Pb. Arsenic 2 and metals were quantified with an Atomic Absorption Spectrometry oven (AAS; Varian, Palo 3 Alto, CA, USA). DOC concentration was measured using a TOC 5050/SSM 5000-A 4 (Shimadzu) elemental analyzer.
5
As speciation in soil waters was determined once a month by HPLC-ICP MS. Chromatographic France) such as diphenylarsinic acid (DPAA), triphenylarsine oxide (TPAO) and 16 triphenylarsine (TPA) were also injected but were not eluted from the column in these 17 conditions. Concentration values and uncertainties found were calculated from a duplicate 18 determination.
19
A previous study has described the presence on the site of nitroaromatic and organoarsenical In parallel to the mesocosm experiment, leaching tests were performed to estimate the mobility 7 of major compounds, metals and arsenic from the different solid materials used in this study.
8
Tests were performed with solid/liquid ratios from 1 to 10 (wet solid equivalent to 10 g of dry 9 weight, 100 mL of Mont Roucous water in tubes) for both materials: polluted soil (similar to 10 soil mesocosm, "Soil") and forest litter ("OM"). Tubes were rotated on a roller mixer for 24h 11 at 20°C. All conditions were performed in triplicates. Chemical parameters, ions, metals and 12 arsenic concentrations were measured by methods previously described. All statistical tests were conducted in R 3.2.4 (www.r-project.org). To summarize temporal 15 trends of element concentration, values were plotted with a smooth curve based on the loess 16 function (ggplot 2 package). The Loess function is a smooth local regression for 17 "geom_smooth" in the ggplot2 package for a small sample size; it is controlled by the "span" 18 setting (Wickham, 2009) ranging from 0 (exceedingly "wiggly" smooth curve) to 1 (less 19 "wiggly" smooth curve). In this study, span was set between 0.3 and 0.4, depending on the 20 variation of the temporal data.
21
Overall trends, without the effect of dry/wet cycles, were also statistically tested using the trend. The SK test, which is robust to outliers and missing values, can be used considering inner 25 dependence of data. The seasonal effect (here the shift between dry and wet periods) is reduced 1 by making comparisons between data from a similar season (period). Kendall's tau (τ) measures 2 the degree of correspondence between two variables. If τ = 0 no correlation exists between the 3 pairs, if τ is positive there is an upward trend and a negative τ is associated with a downward 4 trend. The statistical significance of the trend is indicated by the corresponding p-value (p ≤ 5 0.05 is considered significant). The statistical parameters τ and p-value were shown on the 6 curves exclusively for significant trends. All results of SK test are given in SM.4.
7
Results from leaching tests were tested for homogeneity of variance and normality. One-way 8 analysis of variance and Tukey tests were carried out to test for any differences between each 9 treatment. For each treatment the number of observations was equal to 3, and a difference of 10 5% between means (p ≤ 0.05) is considered significant. Leachates were slightly more acid than the soil waters. Electrical conductivity ranged from 500 18 to 2,500 µS.cm -1 . EC increased with depth and was highest in the leachate. In the samples from Major ions, with an average content greater than 0.05 mM, were Cl -, NO3 -, SO4 2-, K + , Na + , Ca 2+ 1 and Mg 2+ . In order, their concentrations in soil waters were, respectively: Cl -> NO3 -> SO4 2-2 and Ca 2+ > Na + > Mg 2+ > K + (SM.5). However, NO3concentrations were lower (< 0.01 mM) 3 at the bottom of the mesocosm and in the leachate. Concentrations of most of the ions analyzed 4 (Cl -, SO4 2-, K + , Na + , Ca 2+ , Mg 2+ ) increased with depth and increased in the leachate in 5 accordance with EC. The evolution of NO3 -, NO2and NH4 + with depth ( Fig. 3 ) was different. In the unsaturated 8 level H2, NO3concentration varied between 0.15 and 0.4 mM and for the saturated level H4 9 and the leachate L, concentration decreased quickly under 0.01 mM during the first period P1.
10
At level H3, NO3concentrations increased to reach a plateau in the dry periods then decreased 11 until they disappeared in the wet periods. The maximum concentrations decreased from 0.5 mM 12 during P1 to 0.2 mM at the end of P7. This significant trend for NO3concentrations was found 13 only in level H3 level (τ = -0.273, p = 0.005). Small amounts of NO2were present in the water 14 in H4 and L at the beginning of the experiment, and in H3 during each wet period. However, except for P1, no NO2was detected during dry periods. NH4 + concentrations showed no 1 significant trend, but two different behaviors. In H2 and H3, NH4 + concentrations were low (< 2 2 µM) and constant, but in H4 and L concentrations increased until 6 µM during the two first 3 periods and then remained constant. 4 Total alkalinity (TA) in the leachate decreased from 1 to 0.65 mM (Fig. 3 ). This decrease was 5 statistically significant based on the SK test (τ = -0.582, p < 0.001). TA was subjected to 6 monthly variability and therefore increased to a local maximum during wet periods (P2, P4 and 7 P6) and decreased in dry periods (P1, P3 and P5). These variations were narrower in the last 8 two periods, P7 and P8. Dissolved organic carbon (DOC) concentrations were very high in the soil water at level H2 (> 1 2 M) and decreased with depth ( Fig. 4) . DOC was less concentrated before the addition of forest 2 litter, but a few samples in H2, H3 and H4 revealed high concentration peaks. After the addition 
Evolution of metals and arsenic concentrations 10
Zn was the metal with the highest concentration in soil water and leachate. Zn concentrations 11 evolved in a similar manner at each sampling level, with an increase at the beginning of the 12 experiment followed by a slight decrease (Fig. 5 ). However, a lag time was observed with depth, 13 with maximum concentration in P1 for H2 and H3, in P2 for H3, and in P4 in the leachate. Zn 14 also became more concentrated with depth. It seems that dry/wet cycles have no major effect 15 on the Zn concentrations in soil water but, following the addition of fresh OM, the Zn 16 concentration in the output water decreased sharply from 1.40 to 1.21 mM.
17
Cu and Fe concentrations in solution were low, with maximum amounts of about 5 µM and 40 18 µM , respectively (Fig. 5) . Negative trends were observed in H2, H3 and L, with higher values 19 before the addition of organic matter. In H4, Cu was mostly below the quantification limits (LQ 20 = 1.57 µM) from P1 to P4 but, after the addition of litter, Cu concentrations in H4 were higher 21 than at other depths. Moreover, Cu concentrations at each sampling level stabilized to a constant 22 value after the addition of organic litter. Fe concentration increased significantly in H3, H4 and 23 L (τ = 0.298, p = 0.035; τ = 0.343, p = 0.011; τ = 0.519, p < 0.001), while negative trends were 24 19 observed in H2 (τ = -0.302, p = 0.047). Pb concentrations were below the quantification limits 1 (LQ = 0.5 µM) in the soil waters. Together with Zn, As was a mobile inorganic contaminant throughout the experiment, although 4 the evolution of As concentration was very different: As concentrations were generally higher 5 in the H2 level and decreased with depth ( Fig. 6) . No clear impact of dry/wet period was 6 observed, even if monthly cycles are enhanced by the smooth curve of the data. Furthermore, 7 the evolution of As total showed significant negative trends for H2 (τ = -0.385, p = 0.033), H4 8 (τ = -0.327, p = 0.012) and L (τ = -0.380, p = 0.006), and it seems that, for soil waters, this 9 trend was accentuated after the addition of OM and was visible after 140 days. The same . For Cu and Fe concentration, measurements were plotted at respectively 1.57 and 1.79 µM when value was below the quantification limit (LQ Cu = 1.57 µM and LQ Fe = 1.79 µM)). Curves correspond to smooth local regression (span = 0.3). Kendall's tau (τ) and p-value were given for significant trends with SK test (p < 0.05).
evolution was observed with As V-like, which was the dominant As species in solution. At H4, 1 however, As V-like decreased more significantly (τ = -0.450; p = 0.001) than As total. As III-2 like increased significantly (independently of the cyclical variability) in level H4 (τ = 0.398, p 3 = 0.003), especially after the addition of organic matter. In H2 and H3, As III-like concentration 4 ranged from 5 to 10 µM, with low amplitude of cyclic variation, while the concentration in L 5 ranged from 10 to 25 µM 1 , with a high amplitude of monthly variation. the leachate volume by the total period duration and the elemental fluxes were calculated by dividing 1 the amount of compound leached during the period by the total period duration. water was input to the mesocosm. 4
After 276 days, the most leached compounds were DOC, Zn 2+ , Cl -, Ca 2+ , SO4 2and, to a lesser 5 extent, As, Mg 2+ , Na + and K + . Among these compounds, Zn and As were the most mobile 1 Among all the gases analyzed (i.e. CO2, O2, H2, N2, N2O, CO, CH4 and BTEX) only CO2, O2, 2 H2, N2 were detected in the atmosphere of the mesocosm during the experiment. CO2 was the 3 only gas for which concentrations varied (Fig. 4) . The sum of the concentrations of CO2, O2, 4 H2 and N2 was less than 100% because of the presence of water vapor in the mesocosm 5 atmosphere. Prior to the addition of OM, the CO2 concentrations seem to have been driven by 6 the wet/dry periods, with higher concentration during the wet periods. CO2 concentration was 7 clearly affected by the addition of organic litter, with a strong increase from 0.137 to 0.556% 8 during period P5. After this increase, the values dropped and stabilized at about 0.200%.
Gas composition and carbon mineralization

9
The rate of carbon mineralization in the mesocosm was evaluated at the end of periods P3, P4, 10 P5, P6, P7 and P8 (Fig. 4) . It was highest at the end of P5, the first period following the addition 11 of OM, at 1.54 µg CO2 g -1 dry mass.h -1 . No major difference was observed in the other periods, 12 but rates were slightly higher at the end of dry periods (mean(P3, P5, P7) = 1.03 ± 0.27 µg CO2.g -1 13 dry mass.h -1 ) than wet periods (mean(P4, P6, P8) = 0.67 ± 0.12 µg CO2.g -1 dry mass.h -1 ), and were 14 also higher after the addition of OM (mean(P3-P4) = 0.63 ± 0.08 µg CO2.g -1 dry mass.h -1 , mean(P5-15 P8) = 0.95 ± 0.24 µg CO2.g -1 dry mass.h -1 ).
16
As volatilization from the mesocosm was evaluated at the end of each period. Dimethylarsine, The contribution of soil and litter to the composition of water from the mesocosm experiment 1 was estimated by a leaching test with Mont Roucous water. The results for chemical parameters 2 and quantities of major ions and metal(loid) compounds are presented in Table 2. 3 The pH of leaching tests ranged from 6.31 in the "Soil" test to 5.46 in the "OM" test. EC and 7 DOC were significantly higher in the "OM" test. In the "Soil" leachate, Ca 2+ and SO4 2were 8 the most mobile ions, while Ca 2+ , K + and NO3were the dominant ions in the "OM" leachate.
9
As indicated by EC, the "OM" leachate contained higher amounts of ions, especially Na + , K + , 10 Mg 2+ , NO3and PO4 3-. As, Fe, Pb and Cu were significantly more concentrated in leachate from 11 the forest litter than from contaminated soil, up to seven times for As. DPAA was identified in 12 the "Soil" leachate, with a concentration of 114 µg.L -1 (SM.2). (Seo et al., 2007) . Here, the addition of forest litter induced a 4 significant increase in DOC concentration in the soil water (Fig. 4) Horemans et al., 2013), so the increase in the carbon mineralization rate in the mesocosm after 10 the addition of organic litter (Fig. 3 ) seems to be directly linked to the biodegradation activity 11 of microorganisms. The increase of CO2 concentration in the mesocosm atmosphere during the 12 period P5, from 0.137% to 0.556% (Fig. 3) , is another consequence of this high carbon 13 mineralization activity. Additionally, DNRA activity is also less affected by the inhibitory effects of O2 ( and 11 equilibrium between denitrification and DNRA seems to be mainly driven by bioavailable (Francis et al., 2007) . As a result, it appears difficult to state which of these two metabolic 5 pathways was predominant in the mesocosm during our study.
6
The increase of nitrate concentration during dry periods at level H3 may have been the result 7 of nitrification thanks to ammonium production from DNRA providing a source of NH4 + for 8 nitrifying bacteria (Burgin and Hamilton, 2007). However, the small amount of NH4 + in this 9 level during the saturation periods, and the absence of nitrite simultaneously with the increase 10 in nitrates during the dry periods, suggested that nitrification was not the main process inducing 11 the increase of nitrate when soil was desaturated. The soil water from the surface of the 12 mesocosm was rich in NO3and the transport of nitrate down towards the H3 level may explain 13 this phenomenon. seemed to be the metal most impacted by dry/wet cycles, but the trend was not very clear even 8 if the behavior of Fe in the top soil seems to be different from that in the saturated levels. In 9 addition, the Fe concentration trends showed that Fe mobility decreased significantly in the 10 unsaturated soil and increased significantly in soil levels that were alternately or permanently 11 saturated. The addition of organic litter enhanced these trends and DOC seemed to have a 12 greater impact on Fe mobility than dry/wet cycles. Moreover, it was probable that iron analyzed 13 in soil water and in the leachate was particulate or colloidal. The study of the colloidal fraction 14 and the iron speciation could help to explain the behavior of iron in this specific polluted 15 material.
16
Together with Zn, As was the major metal(loid) present in the soil water, with concentrations 17 up to 800 times higher than the maximum level of 10 µg L -1 recommended by the WHO (2011).
18
However, As behaved differently from Zn, with higher concentration at the top of the mesocosm 19 and immobilization with increasing depth. Previous studies describing As behavior during 20 redox oscillation (Parsons et al., 2013 , Couture et al., 2015 have shown that the successive 21 cycles of oxidizing and reducing conditions (between -300 and +500 mV) affect As mobility in 22 relation with As speciation and sorption onto HFO. During oxidizing cycles, As is strongly 23 associated with HFO; during reducing periods, the combination of reduction of Fe oxides and 24 microbial reduction of As V to As III raises As solubility (Couture et al., 2015) . Under the 25 conditions of this experiment, dry/wet cycling did not induce reducing conditions, even in the 1 permanently saturated level. Moreover, As V was always the major As species in solution and 2 presented an evolution similar to total As. However, the decrease in As V concentration with 3 depth could be induced by the precipitation of HFO or iron oxide from Fe leached by the 4 dissolution of the amorphous phase in the saturated level, as As V is more readily adsorbed 5 onto HFO than As III at pH 5-6 (Dixit and Hering, 2003). Between H4 and L, As V 6 concentration decreased by about 50% (Fig. 6) . This very large decrease may be linked to the 7 precipitation of HFO or the growth of a biofilm from the soil, perhaps on the geotextile 8 membrane. The precipitation of secondary arsenates as an explanation for the immobilization 9 of As V in solution cannot be excluded.
10
As III seems to be affected by the wet/dry cycles: the higher As III concentration at the end of 11 wet periods at all levels (Fig. 7) was probably linked to less oxygenated water and decreased 12 ORP. Previous studies demonstrated the importance of iron and As V reduction by 13 microorganisms on the mobility of As in groundwaters (Islam, 2005) . Also, the proportion of 14 As III in water increased with depth, supporting the fact that As III behavior may be by soil The excess of DOC after the addition of bioavailable OM promoted microbial respiration and 21 Eh drop, but also enhanced Fe mobility. This process should have enhanced As mobility, but 22 in fact immobilization of As, mainly as As V, was observed over the different depths. The 23 addition of fresh organic matter may have contributed by providing adsorption sites enough to 24 trap some As V. It also appears that more dimethylarsine was produced after the input of OM. ). The addition of OM also induced an increase in As III concentration in the saturated soil 8 ( Fig. 6 and Fig. 7 ). The organic carbon concentration influences the rate of microbial As III 9 oxidation in soils, a decrease in oxidation rate being observed beyond 0.08 g.L -1 of organic 10 carbon (Lescure et al., 2016).
11
Among the soluble As species, DPAA (SM.2) and three unidentified species were also detected 12 (Fig. 7) . The sum of these compounds and As III and As V was approximately equal to total 13 As, indicating that no other main As species was present. It also appears that the unidentified 14 species were not in ionic form, since the sum of these species and As III ( Fig. 7) was similar to 15 the As III-like species concentration given by anionic resin separation (Fig. 6) . DPAA, the 16 hydrolysis product of the chemical warfare agent (Clark I and Clark II), was detected in low 17 concentration at the outlet of the mesocosm. This compound was identified in water from this 18 contaminated soil for the first time, since aromatic arsenicals had not been detected previously 
Conclusion
20
For nearly one hundred years, the highly polluted site known as "Place-à-Gaz" has been 21 submitted to: (i) water saturation during rainfall events, inducing the transfer of pollutants to 22 the surrounding forest environment via surface runoff; and (ii) natural deposition of oak litter. 23 In the mesocosm experiment described above, the soil was submitted to dry/wet cycles and to 24 35 the addition of organic litter from the site in order to evaluate the influence of soil saturation 1 levels and of bioavailable OM on the biogeocycles of C, N and metal(oid)s.
2
Organic carbon present on the site was mainly charcoal and did not provide bioavailable 3 nutrients to restore the soil's biological functions. The addition of organic litter at the top of the 4 contaminated soil increased microbial activity. The nitrogen cycle was clearly affected by the 5 dry/wet cycles, with microbial denitrification occurring in saturated conditions. Nitroaromatic 6 compounds and cyano-arsines were present as sources of nitrogen in the chemical shells 7 subjected to burning, and the results have highlighted the persistent nature of nitrogen on this 8 type of site.
9
As and Zn were the most mobile metal(oid)s but behaved differently as the experiment 10 progressed. Zinc concentration in soil water increased with depth and was not affected by the 11 dry/wet cycles nor by the addition of organic litter; arsenic was more concentrated in the conditions.
20
The experiment underlined the high potential for Zn and As mobilization all around the site by 21 surface water runoff, but also showed that the deposition of forest litter contributes to the 22 immobilization of some As. However, the proportion of As III, the most toxic As species, is 23 also enhanced. Furthermore, progressive growth of vegetation on the site, enabled by the 
